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(54) POLYESTER POLYMERASE GENE AND PRODUCTION OF POLYESTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a new gene for producing a 
transformant useful for producing a copolymer of a 3-hydroxyalkanoic 
acid, etc., comprising a gene coding a polypeptide which contains a 
specific amino acid sequence and brings about polyester polymerization 
activity. 

SOLUTION: This new polyester polymerase gene codes a polypeptide 
containing an amino acid sequence of formula I or a seqeunce which is 
deficient in or replaced with one or several amino acids or to which one 
or several amino acids are added in the amino aid sequence and bringing 
about polyester polymerization activity and is useful for producing a poly > a - iy* 
(3-hydroxybutylate-3- hydroxyhexanoate) random copolymer which is a 
copolymer of an 3- hydroxyalkanoic acid of formula II (R is H or a 1-4C 
alkyl) and is excellent in biodegradability and biocompatibility. The gene 
is obtained by cloning a chromosome DNA library prepared from a 
chromosome DNA of Aeromonas caviae A FA440 strain by the use of a 
probe. 
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(57) [KM] 

RtftfU x*5\>KDHii#ffi©lI#. 

««eu<«#iipanfce5ijs$*. #uixff 

S^i£tt£'bfc&-r# , J KSn— KT*#U XT, 
oTMfe|j$ntMgj|f, KJgMEJJIft&BJtlz: 



(2) 
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[ W*JS 1 ] U?iJ#^ 2 T?« $ 7 5 / g£E JUXtt 
tt7 5y»E*JK*^Tl«L<tt»«©7 5/R*«* 

CfflMBS 2 ] @2?il#^ 1 Tai$*l3i&*E?iJ£-Er£r* 
M&JjBK 3 ] 1 Xtt 2 |2«S© U XX 

tw^JK 4 ] # u xx7-;m^?gae^©±gs(c# 
m&ms) #uxx^jua-&^aeT©Ji»stfc# 

^T^U^y^ K*3— h*T-5DNASr^tJ t>©T&£ 
ttJJWSBIRoae^fKBrt-fev ho 

[W*9i8] M*3R1^L<«2I2«©#>JXX^JU 

^fife»^jteTx«t»*^ 3 ~ 7 ofrvft-ua- 1 jsicie® 

[Wjjos i o ] m&m 9 mm<DBmm&&&mmzm 

*»«it5#'J xx^;u©Mig^„ 
m&m in #u i^fM, jfcsc i : 

[fill] 

R 

I 

HO-CH-CH2-C00H 

(r tefrmm^-xtemmfk 1 ~ 4 ©7 )v*)i>& &m 

To ) tSSnii 3 - 1 K n^->7M >f 
[S*JS12] /t?'JixfM, #'J (3-tKn* 

•>77\s— h-3-t KD^y^yi- h) 
Aftfi^flsT»*W*9Jl OaB®©#'JXXx;|/©$S!ig 



[0 0 0 1] 
[0 0 0 2] 

[fi£*©8#i] ife£< ©?&£#>«, #'J-3-kPn* 
->^U— h ( P(3HB) ) £££-j£U x*;m=-©h? 

^.o «£4Wto*a*»5Ji&tBL;fc p(3HB) tt, lsorestc 

>" :/7X5 1 -y5' 1 £LTffiS£*lTV>£. Sfc. P(3H 
B) fi#a©«R^*fflViT«f J ?>tt!gj?IB^<i:©S^»Iffi 

So L^Lted*^ P(3HB)«U it&iigiiffiiSSHWc&K 

[0 0 0 3]S^ 3-k M3HB) <h 

3-t Kn+y^D-yx- h(3HH) £©2fi!t#&fi£ 
^'JXXf^ P(3HB-co-3HH) :fc«fctf-?-©§Jigj*f;:^n> 

r, mt> mm^u^n, fct^n #^^5-93049-^ 

tt**«fc^M¥7-265065#&«lC*n^ftaB«l;*nT 
<^£. ;m<=>©£j$8© P (3HB-CO-3HH) *M£-#:©g{i§ 
m*. ±ctt9*SSb^c7XP^^-X • t*X (Aeromo 
nas caviae) £fl!^T:t l/-f >K^»*'J— JI^S 
%»SfeSTSt>©T*So 58«8fi£Lfc P(3HB-co-3HH) 
^a^fl-tt, 3HH^Xy h»spO*Mi0tfct>tClifa<kflE 

K:&iOIT**££#i8Sa>K:SftTtr** (Y. Doi, s. 
Kitamura, H. Abe, Macromolecules 28, 4822-4823 (1 
995)) . Isfrlstttfie,. 4*M J F5-93049^4>«*«fctW 
W 3 F7-265065*4i«IClH*©«ifi^feTtt. *'JXXf 

P(3HB-co-3HH) *S-&^ U XX^U^iftiR^T^ 

[0 0 0 4] 

[0 0 0 5] 

©jte^^-^D— z>^l, $ e> (- # u xxfju^i 
^jae^t#Bi-r«>±git&^T^©^---7°>u-^-i' > 




[0 0 0 6] TtS.t>%. *58ffltt. IB?iJ#^2T«$n 
S7 3 / ttE?dXtttt7 5 / RBJiJKiS^T 1 ^L< « 

i?fc©#3£tfe>n5. 

[0 0 0 7] 2£>\z. aM69itt. ME#yi7f*Id 
T. *UxX5^fi^m«ef ©±«ttc#ft-r 

nS75yKE5U*3— H-T'SDNAS'&tJfeCD («A 

fOT»C#ftT6*-^> U — 5*-f >^!7 U-A £ b 

KB?']fc*ViTl«b<tt»cffll07 , 5y*3J«^. B& 
&L<ttttftdttfcB£l£'S*, iy-f^-CoAbf 
v^-ifett^fefee.-r#'J^-7 f 5 1 K*a- HtSDN 

[0008] let, *5ew<Dtf i Jx.7>T)i,m&»mm. 
g ^■/^ g ixr;n^ffittSft5iiB 

0. -^©^g^y^K^rn— F-r^>DNA=b*^BJ©a 

[0009] $<bfc. *389!tt. mtBx^gxx^s^ 

[ooio] se>jc, *^bj«, fMe»flNEtfM*&«Miii 
ct^#ttts# g x^?;p©^ii^ftT^-g)o *u 

IXfJI'iLTIi, WAtf, : 
[0011] 
HC2] 

R 

I 

HO-CH-CH2-COOH 

[00 12] (RIJ*SgfXI^Sl~407M 
)Vm^-to ) TS$n§ 3 - k Hn+y7JW >fC9 
*S^#: («/Lfi, #g (3-t h*n^->^l/-h- 
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mi*>tlZ>* £CF. *589i«:«MlllfcKtijl|-r*. 
[0 0 13] 

imwomffiomm] 

(1) #UiXrM^i$ief©^a-->i/ 

*^^©#gxx5 L ji/M-&e^aef «. 7iom 
«»c«-r*a**o!)Mft^6ij-*sn*. s-r. #gx 
xf;n^ie^ &m-r2>mvtfr*>%t&fcD n a * 

X (Aeromonas caviae) 5>^l-5 0 
[0 0 14] JfefifrDNA©W«tt^©:#fcfc£fli^* 

xr7A?£ (Currnt Protocols in Molecular Biology, 1 
m, 2.4.3 H, John Wiley &;Sons ffiJS, 199450 «¥lc 

[0 0 15] ±fe©#teKJ;0f#£n£:DNA£)IS& 
(MSB* (0B*.MSau3Al. BamHK BglII«) 

7;i/*g^X7 7^-if5!lS*fTV^ DNAi 

gin m T^Lfc^^^-i^-ry— > 3 >^ff 
[0016] s<p?-iziz, m3=WL*k®>T£mm\zmm 

^i'^'-il/TH #Jx.fcJEMBL3 , M13 , Agtll^# 
tf<=>n. 7^X3 K^^-tLTtt, «sjA«pBR322. 
PUC18 . pBluescript II (STRATAGENEttSJ) m^mi^> 

&>±<Dm3iWL£.®)-z smwmmfrvjmu *<t> ^-© a 

^©«t5^^^^-(C^>UTfc, iMfflMIBBXTtiJBr 

[0 0 17] DNAWrM-t^i'^-»fM-t*aiS&-ar-5 
tCtt, ii»l©DNAg^f— tfSJHH*. -5-LT, DNA 

[0018] ia±«5fe!»k:ffiji>L^^^-*#A'rst 

«*»*«^d»M©«^tt* Att (Lederberg, E. M. 
etal., J.Bacteriol. 119, 1072(1974)) ^>Xl^ hPTp 
U— ->3>&. (Current Protocols in Molecular Biolo 
gy, 1#, 1.8.4 H, 1994^) *Kffl-TSJlt*«T*. 
S±te«577-yDNA0i&tt-f>k>D • ny 
tT—VyVfe (Current Protocols in Molecular Biolo 

gy, i#, 5.7.1 h, 1994^) m&mm-rz>z\iitf-v% 

(Gigapack II ; STRATAGENE 2rffl^-g>;i<ht> 

[0 0 19]^(C. TIDttX-^tflCiSUXT, 
r-;i'a'&»*3Bep*$tr D N A®f)t^f#^>fcJ6©7 p D 




Ktnvrte, mzffiSmfr<Db<DW%i*>nT^2> (Peop 
les, O.P. and Sinskey, A.J., J. Biol. Chem. , 264, 15 
293 (1989) ;Huisman, G.W. et al., J. Biol. Chem. , 26 
6, 2191 (1991) ;Pieper,U. et al., FEMS Microbiol. L 
ett., 96, 73 (1992) to) „ -g-ClT, £n<=>(075 

(S5" -CC (C/G) CC (C/G) TGGATCAA (T/C) AAGT (T/A) (T/C) TA (T 
/OATC-3' (IB?nj#-^7) . &?>*5'-(G/C)AGCCA(G/C)GC 
(G/C)GTCCA(A/G)TC(G/C)GGCCACCA-3' (IB?i]#^8) ~Q 

[0 0 2 0] Cine.cD^-'J^i'U'^FS-^^-f 
i:L, 7int« • fx^MDNAMi 
LT^U^7- VmmKfo (PCR ; Molecular Clonin 
g, 2^, 14. 2H, 1989^) $fTP« ^bT> PCRKcfc 

coo2 1 ] x\z. z\<D&ftmmmh-zmmti.umzm 

— /W^'J^'flf- v'a >£fT3 (Currnt Protocols i 
n Molecular Biology, 1#, 6.0.3 H, 1994*p) „ 
[0 0 2 2] an--/W ^U^-f-fcf-v'aMciDT. 
*U-x>^£n;t*Ji»^£7;i<-;*7U& (Currnt Pro 
tocols in Molecular Biology, 1#, 1. 6. 1H, 1994^) 

JPS^^agT^^tf D N ABfrtf-jW#£>*l5. 

[0 0 2 3] ±fBDNAf|JrfrC0i&*Se^J«&^«. 
^rfe. #J*J;S+r>;tf— & (Molecular Cloning, 2#, 13. 
3H, 1989^) miZ£-?Tfto ig»ffiJ"Jg 

0<J;U2373A • DNA ^x>-y— (Applie 
d Biosystemstt) ^£ffl<^TfT3 £ t^T^^>. 

[0 0 2 4] iH^iJS^l iC^BJcDJ^'JXX^a^ 

•5. 

[0 0 2 5] fcis. ±IB^*^©^S«. ^*Q©3$&S£ 
fS&m^Wfim. (Current Protocols in Molecular Bio 
logy im, 8.1.1 H, 1994^) 13 J: Offt^T-SCli^T 
ifB^&lC^O&MB^&^ttfcflB^ fc^ 
^(CcfcoT. XIJ$MDNA^i:LfcPCRffi 

Witter £ » £ d <!: t^T # & „ 



^^¥10-108682 

[0026] (2) Bmnzmftoftm 

mzmfezn-r. m^t. 7)W)y*xmizmrz>m 

[0027] 7)H)W*7.m\zm?z>m*.m. ->^- 
Y-^-rxm\zmrr^±®m(Dmm^m^.Lhxm^ 

£RK2*8§3e*£WT£pLA2917(ATCC 37355) , $>Z>^ 
«RSFl0l01t^^<£#T-&pJRD2l5(ATCC 37533) mifl 

[0 0 2 8] ^Dt-^-iLTH S±<PT^Sl?t 

^^(DT^n^-m^m^Th^. m^a, trp y 

Pt-^-, lac ^n^fc— ^— , P L yDt-^- P 
R T'P^:-^-. T7:/d;E-^-&£©*IMH>:7 7- 

i?m\z&%&z>-7u^—*?—i,m^t>n2>o mm^-ona 

^^DNAcD^A^feiLTtt, «*.tf;&;i/$^A 
-<;t>£:ffl(^-2>2f?£ (Current Protocols in Molecular 
Biology, m, 1.8. 1H, 1994^) . Il/^hP^l/- 
i^3>?£ (Current Protocols in MolecularBiology, 1 

#, 1.8.4 h, 1994^) mmtfznz. 

[0 0 2 9] »S^fiiLTfflt^i^ll 
*-tLT, #J*_tfYEpl3 , YCp503f;^tfi~>n£. ~? 
Pt-^-tbtlt #Jx.tfgal 1 ^Dt-^-, gal 
lO^D^E-^-^^tf^tl^). ^©^©fflglA^DN 
ACiA*tt<i:LT(l mX\Z^VZ V uif,V- ^ 3 > 
?£ (Methods. Enzymol. , 194, 182-187(1990)). X7iD 
T^X (Proc. Natl. Acad. Sci. USA, 84, 1929-1933(19 
78)), gt^U^Afe (J. Bacteriol., 153, 163-168(198 

3)) mtfmifznz. 

[0030] mmm^m^.tLxm^^>m^t, z&m 

^i7^-<hUT0iJA^pcDNAK pcDNAI/Amp (-l'>t'hD 
A<DMA~J5feb. Ltd 0iJx«, XUi7 ho#l/-> 3 
[0 0 3 1] uut, mlKcDJ;5(cLT^$tl7ii&» 

ib?ij«. 7puxxx;ua^^»e^©if^tc. ^cd± 

^-mm<n^MT\Z'pts.< <hfe2f@©ORFi:i:fetc^ 




[0032] # u ixf;n^B«ief co±^(c-fis 

-r&ORF£J£CF roRFlj <kl^. TSStfCftB-T-S 
ORFSOT TORF3J £1^5. ORFlit 

4^Me^0t)©tSt>n5. i£tz. ORF3H 
# 'J xxf MMlcM^t §xy -f ji/ - c o A k h*7 
t? (4#IC (R) -#S«iy-f^-CoAkh'7^ 
-if) £n— KTSaeT©feCDT$>-5C:«hSrBje)^tC 
Lfc. 

[0 0 3 3] #fgBJTtt, 0 1 tc^-r =t 5 ^M$iJW 
®^ (01(1) tC&t^T r-35/-10j <h^) . #'JX 
X fJH^^ief, O R F 1 &tfO R F 3 Ec 
0RlWJtS*n-x>yLfc (01(1) ) . £<D8frJt£ 
EE32fT«>o 

[0 0 34] EE32ti5^TORF 1XBORF 

[0 0 3 5] EE32*, ISSWMtOF R 1 ©SIR 

mihmmt(D?^ mso f r i (Dmm&kffl&ttfv x 

fcJIEBNjiBglll gB&Sr^AU Bglll KiDORFl^ 
A2c£it"-5 (01(2) ) . ^ntlBJtilCLT. #UXX 
5=-JHt^^«e : ?©miR^lJ:ffi^<kO R F 3 L<Dm\Z 
fflm&m%avMmt$,$:%> A L, BamHIjaSlCi DOR F 3 
(01 (3) ) . 

[0 0 3 6] ORF lR^ORF3CD^5r^^-a-^> 
tCtt. EE32iC-3HT, ±fSORF lWORF 3 SrA 
5feSi*-S«We*Pi#fT*.tf«J:lr> (01(4) ) . &i5, M 

SWSSffi (Currnt Protocols in Molecular Biology, 
1#, 8.1.1 H, 1994^) tJ:oT*At-5ui«JT* 

[0037] £ © j: 3 n u t» & ttfc-tn-e neater 

RD215 (ATCC 37533)) (CjfAU fiSttfcJflifcA'^i' 
— Srffl^T, 7;W>jy*7 • l-hD7rX (Alcali 
genes eutrophus) • PHB-4 ft (DSM541) (#Ul7fJI' 
£/&(IEAiflt*) ^^Kte^-r^. JBRlESMSfcUTtt. 

[0 0 3 8] (3) tfUXX^U©®^ 
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[0 0 3 9] 7;l/*'jy*X«CJR-r*«^«Xtt>'3. 

©^©^-ffrl^SrfMESLfciSift. 09*.M3S*iK ; £O.Ol 

~o. i % tc$ijpg LTcm^m-f 6ti-5„ 

[0 0 4 0] R3iaBtt«±*CDit}gJC^ST?*0, 
iLTH MAfeftOLO— 75^1 — X. Xi7U- 

tt. Jft. 1r>777-», 4-'J-y?ft, "V~> 

?a, /i— a?s, -T-^^ftt, mm. mm. &mx.u*mte 
£(D3zf&mm> mm. 7Dtft>t, 75>>m. 
>s?> ^\+-y->^ ^>m. ?vj> 

m. *u-om. /vu^>m. u/u>s. u/-;u 

i7>f;k ^-^^y-;k 5«>y;wT^3— ;k 

?>7*3-^oi7f;pf^(ff.n^. 

[0 0 4 1] ^$StLT(l m«7> ; EX7\ 
7>=E=.^A, SfflfcTJ'txtfA, »J>»7'>*xtfA 
^©T^X^AtS©^ ^IX+X. i«I 

[0 0 4 2] M#t8&Jg3l&<!:©JimW*# 
T» 25~37 < CT5!Sl5l#^24BtP B m± («xtfl~7 
B) ff-5o **«ftt. *7"" : ?<-», T>tf->U >. r- 

*LT. ^*T^>^ttcJ;0#Uxx^^B^I*I{c* 

[0043] mmit<Dzfu=E— ?—&m^tc&m'*92 

Sr^fl6fC^Jjp-rs^4:t>T#S. ^J^.«> -fV7n 
W-fl-D-f^7f htf7/->h' (IPTG) , 

[0 0 4 4] »«MBIia*f&itLT»&nfc»K<g»flc 
5rJS«f?>lgife<i:UTtt, ^tJA«RPMI-1640 . DMEM^ffi 

<E»n&„ M5%C0 2 #ST. 30~37*Clrl4 

~28bf^too tgm<Ptet>-f?^zs>. ^x->u>^© 

[0 0 4 5] *»WK*S^»T, ^Ul7fJWS«M 




[0 0 4 6] f#£nfc#UXX^;Ua*gW©fc©T£>-g> 

iU : 
[0 0 4 7] 
lit 3] 

R 
I 

HO-CH-CH2 -C00H 

[0 0 4 8] (Rtt**R^XttR*»l~4©7Jl'* 

WW'J ( 3 - 1 K n+->yf W h - 3 - 1 F a+ i"\ 
7>^A*a-&#: (P(3HB-co-3HH) ) « 

«P(3HB-co-3HH) *«»TKJ»*TfiS-rai)B*** 

r. 

[0 0 4 9] #U-3-kh'D+y^l/- 
h ( P(3HB) ) &&V>tt3#U (3-tHo+->^l/- 
h-3-kKP+yA'JU-h) (P 
(3HB-CO-3HV)) ©JSififfilCO^TWffc, B^%$nt 

[0 0 5 0] R*»6©3-k KD*->^yi-h 

^tt^^tttcfcan?)^ 7iDm • +tki^ 

ffl V>&f£*©P (3HB-CO-3HH) 13jg& 0»H¥5-93049*§» 
$S*3=tZ>^M¥7-265065^$g) T'tt. #'JXX5MU© 

[0 0 5 1] UttfcWU *^BJTtiP(3HB-co-3HH) * 
«-&#UXXx;i'Sri^iR*T^r-5Ct^T#-5. ± 
IB^ffifC J; 0 aWtT&tf U xXt-J1/^X»IC#-5 CI £ 

^mcom&^m^x? (sm-co-m) &m-&^ u xx 

[0 0 5 2] 
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mm\Z, 7lD ; EtX-+tk'XOM*DNA7-f7 

[0 0 5 3] 7ID€t7 • kXFA4 4 OMlO 
Oral ©LB^ffi 0.5 %h>J^h 

>, 0.5 %^k^-h'J^A> 0.1 pH7. 
5 ) 4>, 30 < CTi&5R£ig*LfcSL ^{b^-ttx^h U 
j^5 L JP7> ; EX'5Afe (Curmt Protocols in Molecula 
r Biology, 1#, 2.4.3.H, 1994^; John Wiley &; Son 
s 

[0054] nzntcm&teDNA&mmMmsauZAiT' 

X 5 ^— T&-5PLA291 7 (ATCC37355) £<£ffl Lfc„ 

^O^XS h'^ftiJIS^Bglll T^WU K'J>BMt 
®I1 (Molecular Cloning, 1#, 5.7.2 H, 1989^; Col 
d Spring Harbar Laboratory ttSJS) SttUfcft, DN 

[0 0 5 5] JlOifiBDNAWH-fcffl^&'f >t>D • 
ft™j*T — i/ytffe (Currnt Protocols in Molecular Bi 
ology,l#, 5.7.2 H, 1994^) ICJ:oTX)»MS17-1 
8:*»fM6!fcU 7IPW • *tk'lM#DNA 

[0 0 5 6] ^1C, 7lDttX-*tk , Iffl#Ul7 

X^;U«^^©T 5 /HHEaiTJ: < «#£*lT^-5 2 

3t L T5 ' -CC (C/G) CC (C/G) TGGATCAA (T/C) AAGT (T/A) (T/C) 
TA(T/C)ATC-3' (BE?IJ#^§- 7 ) . Rtf5' - (G/C) AGCCA (G/ 
0 GC (G/C) GTCCA (A/G) TC (G/C) GGCCACCA-3' (ga?iJ#-^ 
8) T'«Sn^.2a«©^-'JrfXi7W^-5 1 r ; *^figL 

[0 0 5 7] Cin?>©^-U=fXi7lx^K^7 p 7'f V— 
tU 7xnt« • *t tx©!ftfi#DNAeflf5!t 

LfcpcRSicioT^'jxx T-jptt^BJsaeT&fB 

#i#f§L/c<, PCRU 94 < CT30£}\ 5<rcT?30g>Rtf72 
•CT60#©£jES£ 1 +r-r >7)lii LT Z\tl&M~y-1 ? )l?r 
■otz* d©«#i|MBIWH-S;DIG DNA «J**y h (^-U 

U 7P-7i:Lfc. 

[0 0 5 8] #6nfc7'P-^I^T7inm • 
^^kx^MDNA^-f^^'J-ji^aDx-A-fy 

u^-r-tf— >a >feic <t o tjP u xx^;ua-a-^^jte 

^S^fc^XS K***-**»BI*Jlif||Lfc. C©* 

u xxx;i/a^»sgjie^ £-^trD n awm-*» 

Ac ^©^©Bglll-EcoRI Brtf-fcOHT-tf- 
10T*$n^>3. 2kbp»rJ+©:teSfie?iJ##9g£ft/c. 




[0 0 5 9] <*£»C, £©*fiSfi5«K'3^TffiH«:tftjR 
Zft-ofzf&gk. £©3.2kbp©tfi36gB?i|0tpfc:tt, @2^J# 

# i T«sna«aE?ij(i785bp)*^trJi«ux^T-^a 

[0 0 6 0] K5U#^9X«10T?«ansifi»E 
jaj£#-r£#rJfk::fe^T, ±IBl785bp©:&SE?iJ©TSit 
(C?¥ffiT-5405bp ©Igf (ORF3) RCflE^tHSig 
«. MtffC±8S££#ffi?-5354bp ©jte^ (OR F 1) 

RtfasMMRttenjeLfc. orfi ©&££$qg£ 

?>J#^3. ORF 1 (CJ;0=3-h*$n?.T5yi$SB^J5r 
&Pm^4\Z, ORF3©*fififfi5iJ£SE3Wt5, OR 
F 3 K<fc 9 □ - K £ tl£ 7 5 / a£$!l&iB£l#* 6 fc^ 
To uIT, ORF3»4#'JXXx;P*-&J«»CH#rS 
xy-OP-CoAfc h*7^— KTsafi*©*) 
©T&-5. -^LT- ORF 3fC«t0 3— HSiaSTSy 

■tf»tt, #lc (R) -»RWx/-f;i/-CoAt 

— ifflHt*t>&&-riK0. a«73y«aB5«J»**^T. 

tUTfeJ:^ *3t. E3fl#^9 2tt*10T3iSftSjfi2S 
SBWCfc^T, fg3illffl5ffi«cttffl 1 -383 #ST&9. 
<B¥il*l8««ttJB3010— 3187#BT*S. 
[0 0 6 1] CHEKM2] -a-hn7 

*S£#J 1 TE! j£ £ ftfcfSSIMBiWK, ORFI. # U X 
X'r;U«^»*«e^F. O R F 3 K^K9IHMWt^ 
IfBglll-EcoRI WJfWBglllgBftSrEcoRIU >7J— V> 
TEcoRiaP&tU 3. 2kbp©EcoRI-EcoRI#rK- (EE 3 2 
Wit) ^ftfco cn*7;w;&'jy*x«lc«-r-6!*£» 
^T^nJtt&T^XS KpJRD215(ATCC37533)»C#A 

L> »snfcttSi*.:/5A$ FTTJkfryy*;*. • x— 

hD77XPHB-4 « (DSM541)(#UXX^;P-&fig^l* 

[0 0 6 2] -Tftto-fe. S-T. ^OfiIi^77,5 F5; 

e&Lfco £©mtfc;LABlfi<!:7;U7J'jy*X • x-h 
D77 XPHB-4 t*€rLBJgfl6l.5ml 4". 30*CT$S&ig* 

u *n*ft©**«co.iBi*fi^u 30"c-e4Wfia«f 

#Lfe«, C©B#:?l-&®^MBF^Algi* (0.9 % >J > 
SrthU^A, 0.15%U>®?— 0.05%igft 
T>^X^A. 0.5 %7Mh-X. 1.5 0.3m 
g/ml7J7-7^->» KJMfU 30<CT?5 BBBS«L/&. 

[0 0 6 3] K^r^uy 

*X • a— h D 37 7 XPHB-4 »lce3t$tl-5i*7-v"f 

z/yma&Tji-r^tfrz. mbf m?ngi&±T*mmLfz 

3 0--[J7MUnx • a-HD7 7XfgfeIfl: 



#M5pi0-108682 

nx-a-hD77XAC3 2i (JJTF. AC32S 
<hO¥-S<) AC3 2*I1 XHS*R^# 

I^X^S^W^mtC, FERM P- 15786iLT«t6$n 

[0 0 6 4] S 6C^U Jjti? KSlVifcS 
{£!|#S£i*)§S>g?£ (Currnt Protocolsin Molecular Biolo 
gy, 1#, 8.1.1 M, imm ICioTE E 3 2 WHr't 1 © 

orfi fcg^f ©m«K-?-n^niwiE»*Bgi 1 1 

iAL, Bgl I T-Bgl II ©f^^^^-e-^^tJC.toTO 
RF lS£^*£Lfc#rK-£f£«!U 7"7X5 KpJRD 
215 C©IiA7"7X5 Ftffl^T. ±5B 

©^ea^«C=fcoTT;U73U^X ■ 3L-hU7 7X 
PHB-4 ft^ffflbilfc. #5nfc»H<E»fl:*. W"F 
AC 3 2 mtPf^o 
[0 0 6 5] HAHc, a5fiLl#SW^Sfe{Cj;oTEE3 
2 #r)ir c F©OR F 3 JtfcT ©jffl«K-*n-€ J n«BW*Ba 
mHIgBffi^jgAL, BamHI-BamHI»f>t^^^-&-5C:i(C 
J;oTORF3igW^Lfci)t5#SL. 
5HPJRD215 KjfALfc. Ifflffiii7"7X5Mffl^ 
T. ±jiE©^£ji*fctCJ;oT7Jl/7J 'jy*X • 3.- h 

D^r7;pHB-4 w&tenm,mvtz„ ^^ntzmm^^ 

OTAC3 2 3tttPf^«, 

[0066] mm\z, ee 3 2Wtm- c p©orf lae^ 
commz^n^nfammmgi i 1 o r f 3 ae 

^©^!C*ft^*UHI8»*BaiHlSMfc£*AU Bgl II 
-Bgl 1 1 »fM-*5ctt^BaiiiHI-BamHI»fM-?r^$-&^)Ci:{C 
i^TORF llfif tSitfORF 3lgf Atft|;^ 
LfcKJ+fcftMHU ^7X5 HpJRD215 tCjfALfc. d 

tt;p7j 'j y *x • 3.— hu7r xphb-4 t*£ffimte& 

Lfc. »&ftfc»R<E»#£, OTAC3 2 1 3t*<hP? 
[0 0 6 7] SStC, EE 3 2«frS»IiL. PCR 

ffifc«fcoT#uxA7-;ps-&#*»ep£JtMiu 

*ifc«MB»fM-*. 4«5IT**7;i'* U • x- h a 

<E^*W8««4:©IHlKifAbfc. PCRI1 5'-AGTTCCC 
GCCTCGGGTGTGGGTGAA-3' (iH^JS^ll) i5<fc£>*5' -GGCATAT 
GCGCTCATGCGGCGTCCT-3' (SB?IJ#*§1 2) SrT^-f V— £ b 
T. 94*CT30#. 55 < CT30S>Rt>'72 < CT60S>©SJC5r 1 
■tK <h LT C tl^30it-f i7 JMifofe. 

[0 0 6 8] EODNAWM-fcT^AS KpJRD215 Kff 
AL. fl^nfclli^XSK^ffl^T, Jtas©«£- 
eiffil:«kr>T7Jl/*'jy*X • XL— h P 7 7 XPHB-4 
***»«K*Lfc. »6nfc»Kfi»#S. &TAC2 
9»<hB?^o 

[0 0 6 9] (%KH3] 7;W'jy*X a-hP7 
7MUnx-X-H077XH16*. PHB-4 



(8) 
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tfc, AC3 2I, AC321ft, AC32 3ft. AC 3 
2 1 3t*. AC 2 9$*$:. -^n-€-*ft. 95ml©MBigife 
(0.9 %U>K— ^HJ^A, 0. 159SU>»— * U ■>/ 
A. 0.05X&<b7'> ; Er:£A) KlnKDlSBsi-^^K 
^hU*A*iqAfc*«lfc:*r0U SP77X3^, 30 
"CTr^l^c AC 3 2**, AC321ft, AC 3 2 3 
AC 3 2 1 3ttSrJ ; AC2 9 tt(ZO^T«^^-7< 
->>$r0.2g/LCDitST^*^-Brfc<» 12fl3ffl, 24B#M. 36 

mm'RiMmmmmkttti^ti 1 mi© 1 >m 

^-hU^A^ilDL^-p (^•i7^>^h'J^A<D^ 
*n*0.5g) . 72«fW««Lfc. 

[0 0 7 0] HI 6 Me, RtfAC 3 2 1 3*M;T3HTM: 
±^©MBJgife(C 1 A— Affi. 3 — > 

7X^4.. 30 , CT72B#p B ^*bfco &i5, AC 3 2 1 3 

ttfcJiarraiRKtt. ig*ic^^-7-r->>^o.2g/L»j« 

[0 0 7 1] H16tt, AC3 2tt, AC321I, A 
C 3 2 3ft, AC 3 2 1 3ftfc^TttJbfcB©MBigife 
lClml©l S^:/* >m^hU^A^JP^.fc«flktCfilM 
U SOririg^L/Co &*3, AC 3 2 

ft, AC 3 2 1**, AC 3 2 3ft, RtfAC 3213ft 

^1 



siMrrsiBfcwu ig%ir^-^-7-r->>^o.2g/L©jis 

1 ml© 1 X^;? >»^- h U 'J'A^gsilDL 

[0 0 7 2] 3tifr»dlCJ:oTM*ftia«lL. 

(15:85) t 2mlco^on*;UA^iPLT^L, 10 
0 CT140 ^WiP^-TS^ttCtO, f*ft*'JlXf 

h^!7«&i*«ft^Tg!GC-14A, **K5'J-*7Att 
GL-tJ-f X>Xtt§SNEUTRA B0ND-1 Cfe?A525m. * 
5ArtS0.25mm, i&BUP0.4 Mm) Sffl^fc. ia«^# 

[0 0 7 3] 
[*1] 



Tg7T) (SS%) 3HB 3HH 



H16 


3.00 


86 


100 


0 


PHB-4 


0.80 


0 






AC32 


0.99 


33 


78 


23 


AC321 


2.85 


92 


87 


13 


AC323 


2.85 


92 


88 


12 


AC3213 


3.64 


96 


85 


15 


AC29 


3.20 


94 


92 


8 



3HB: 3-tKn*S/^fl/-K 3HH : 3-t Kn b 



[0 0 7 4] 



[S2] 

m2 mm$itd&* ^mzmimt bfe#uxxf;i^6S 









1 7g*)3LZJr)ms8L 
3HB 3HH 
0=671/%) 


H16 ;*y— :/» 


4.27 
3.57 
4.13 
4.06 


79 
81 
79 
82 


100 0 
100 0 
100 0 
100 0 


AC3213 tJ-U— 


3.54 
3.60 
3.58 
2.22 


76 
77 
81 
70 


96 4 

95 5 

96 4 
96 4 



3HB : 3-tKQ*^fl/-K 3HH : 3- 1 Fa*is^**f-Jx.— S 



[0 0 7 5] 



[13] 
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m3 ^zr#:sm&mmMkLtctf!')x.z.T)v&& 



mmw 


■TO 










3 HB 


3HV 3HH P 












H16 


2.50 


60 


50 


50 0 


AC32 


0.77 


7 


30 


67 5 


AC321 


1.67 


55 


46 


52 2 


AC323 


1.27 


40 


48 


45 7 


AC3213 


2.76 


57 


44 


48 8 



3HB : 3-fc Kn4r£/^P— K 3HV 
3HHp: 3-fc \*U*i/s\-f9 Sjl— h 

coo7 6] *?*>M&mmm£Ltzm'£>. *n;* 

-r<t 5 \z7)ijj ij y*x • 3.— h P 7 T X»»tl>5 

H16»Tl«U (3-tHD + y^fl/-h) jj^jj? 

jum^mmitmm^c. 6 » 3 hh o-tKn^w 

j^fig|g^a»T^-g> p h B-4WT'\t^mmm\z^-z> 
x# "j ^^jum^mm^m. vT^%tz#>. # u xx 

fJ^tlDS:^. PHB-4W:7xnm • 
t*xS*<D^UXX^a^^ae^$r^tyEE 3 2 
#ftt-£«ALfcAC3 2J*Ttt3HH (3-tKn+y 
^t/I- h) ftmi&lXCD^) (3-fcFD^-> 
X"^-| — 3th'D^y^yi-h) 7>^A& 
(P (3HB-CO-3HH) ) 9 333* 

[0 0 7 7] AC321*. AC3 2 3tt, A 

C 3 2 1 ZW^tZHnftmi-lttJlXWiim-co-Z 
HH) £92~96M%g«U ORFlief, ORF3 
&£^«^©pl3?j£*&£ir3r<hT#'JXX 

[0 0 7 8] J»ALfc#UxXT-;ua-&»3(8ie 
J F®58S»l»««*«tt«K^i|*B««*7JP* U y*X 
• ^--hD7TXfi*C0=bCD^@«ILfeAC2 9tTC 
94M%£>P(3HB-co-3HH) £»SU S jfcWS^-S 

[0 0 7 9] S*>#UXX7MMX$©i^AC 3 2 13 

*Ucti5> ^2tC^T<i:e>tC3HH^*4~5 ; E:;U% 
©P(3HB-co-3HH) £76~8ia»%#«L;fc. fil^liftfCg 

bTfc 3 HH ftm 4 ^:)V % ©P (3HB-CO-3HH) £ 70S4 % 

(S-tKn+y^U-h) ^^'J-T-OMM 

[0 0 8 0] 7inm-+tt:IFA4 4 0 

t*T*tt, /^U5^>g?^^MiLT8«»%©P(3HB- 
co-3HH) **SCrsi:t3^*^SnT«r»* (f*IW¥7-26 
5065^«) . **M»:*5HTtt*^^>»*K*fflt 
LT96a*%©P(3HB-co-3HH) *«, £fc8B#>T3cffiT-$> 
-2>W^)?tt?:R^iIStLT76~8iaM%©P (3HB-C 



o-3HH) A^t^tlSCt*^. a«B2«©^fefc 

(3HB-CO-3HH) ■&f&mZMt&TmtltzJj&T' 

[0 0 8 1] A^>»SR«»tl/fci$, S2l:S 

H16ttTI«'J (3-h Kn+yyfl/- h-3-t 
h'D^yA'UI/- F) (P (3HB-CO-3HV) ) 

&r&. dtiiiHi6tt©wr-5#uxx?;ua-&^tt 

£«St2t!c7©3HHp (3-tKn^yA^/I-H 
SSgtt&WcJ&Ta&S. PHB-4tti;7xntt 
x • *v t'xS^ro^uxx^^a^^Jie^^t? 
EE3 2lfMiALfcAC 3 2f*Tfi 3 HH p#* 5 
^USStfJ/tf'J (3-kh'a+y^U-h-3-tKP 
*->A*'J U~ h - 3 - 1 h* n^v-^y^ / x- h) H5c 

(P(3HB-co-3HV-co-3HHp)) £4£«B#£S& 
fe0 7li%i«L& a 

[0 0 8 2] £<dK, AC321i, AC 3 2 3fe A 
C 3 2 1 3^T«3HHp^2~8 ; E^%(DP(3HB-co 
-3HV-co-3HHp) Sr40~67S»%^« U O R F 1 itfc 

tT#'jxx7-;msp*«*u<8fes*nfc («3) o 

[0 0 8 3] £nS©|g*j6>S, 7IDtt7, • t* 
xS5f5©7l?UXX7 : -;l/a^»^«^l&4~7©3-t: F 
P+v'7JU*>KSr*yv-iXy h<tTs#a-&#u 
XX fM6*t5 £ t s <tw A -So 

[0084] mm&i4~} oRF3(Dmmmiz. 

EE 3 2i(t^Si:LT, P C RSCioTOR F 3 
aeT$rii*§L, ^iy7XSh'PET-3a (y/N*S* 
x>ttSi) Gm^n^-^-TSfEKJfAbfc. PCRH 
5' -GCCATATGAGCGCACAATCCCTGGAAGTAG- 3 ' (BH?>J#*§ 
13) &<J;tf5' -CTGGGATCCGCCGGTGCTTAAGGCAGCTTG- 3 ' 

(E^iJ#^14) ^-fV-tLT, 95*C-T?60^\ 68T: 
-?30tJ>©lxJ££ 11M 9)Vt.\sTlS*M ^JHr^Tc. % 
^nty^XS F£ffl<^T;*:8§»BL21(DE3) ft (;Ay 

T. NB3tttt5. 

[0 0 8 5] NB3tfc£100n)l OL B«ttT30'C, 4B# 
IHH8*U -f VX'ofcfJU^tf^ Ffc!^y->F (IPT 

g) &mmm&o.4 mtfez&oizWiMLTftm&mm 
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K**AbfcBK*:OpJ*ttiil»tcttj«ir^x/'f;p-Co 



Akh*7^ — tt£tt*qftttl£ n/co 
[0 0 8 6] 
[*4] 



14 »Ti(tii^I»C!)i>'-f;i/-CoAk K?ii-BjM 



,L21|DE3) «c/PET-3a 



0 

1700 



[0 0 8 7] iy^-CoAtK7*-tfStttt^n 
hX)U-CoA (J/yta«) ^l«iL (itg|0.25m 
M) . 2SlB£©*ftK#3!ft3tfl3Efl5 (263nm ) &g| 
J6-r*CtlCJ:0*»fc. -yj, ORF3lfifm 
lWiW>hD-;^7X5 KPET-3 a*mx 

vfz±mmw-cimmtm s ft < tkm-ztitzfr s ft. 

[0 0 8 8] fCT, i;^-CoAtK7^-tf^ 
SrQ— tr7r n— x|g-f ;*>5S&#^A (7ril/7->7 



tfcM) KJlffiU IStex h U -y-Ajgfi&JSE (0M*6 1 
M) »c£oT*>/^£^ffl£-t!\ 1/^-CoAt 

m± h u •> a - # u 7 ^ U 5 h* f^m^mm^-m a> 
A^ofco £fcS? 5 tc^-r J; -5 Kttett^ 3 <gtciii].t£ 

[0 0 8 9] 

[*5] 

AtK?*- tfifciStf- 

Car.* h/mg5VA:9) 



£7 



NB3» 



1700 
5100 



[0 0 9 0] |#WcMH/''f^-CoAtK7^- 

orf 3 ae^ottasE^sitJt vitr 5 yg? 

^6 T5y^ffl5!IODJt«E 



[0 0 9 1] 
[*6] 



„ -OU-CqA t K 5 * — if 
ORF3:^igpvk 



SAQSLEVGQKARLSKRPGAA 
MSAQSLEVGQKARLSKRFGAA 



QS50»f-l5) 

Cffi?a#-§-i6) 



[0 0 9 2] ORF3^I/-f;l/-Co 
At KLTV»*;:£#*BTS;fc. Me 

fc. ORF3tcn-F$tl-5xy-f;i/-CoAt F*7^ 

[0 0 9 3] Stt«fe©S*ti:*»K (S) -3-tKD 
+ yyf'j;l/-CoArt: Fayt- tf (->#"7*t$3) 

(M^JiSO.2 ^L-^h/ml ) tSfti^nf >7S F 
TxX^^U^K (NAD + ) (*^?8S0.5mM 

) zmQ-?z>t. iy-f;P-CoAtF*7^-t'0# 
Stttf (S) -4W#IIWT»ntf. OifiLLft (S) -3 
-t FD+vyfU^-CoAtift Kayt— t?©f£ 



Cff^TNAD + ttljc^nTNADH^ML, 340n 
m fC^S^KiR^^i;-?)., ICiy-f^-CoAkF 
W (R) -#*fr»«T*ntf. NADHttttS 

[0 0 94] ^7(c^-TJ:otC, ORF 3Jcn— 
Siy-fA-CoAt Fy^-^^ffiUfcl^TIJ, 34 
Onm OBftit«^kttxy-f;i/-CoAt K9^— tf*6« 

Jnofc^ts^a^ij-e&o&a*, tubs© (s) 
awiy-r^-coAb f*7^- tf (y^vaa) 
^fc*&T«, n a d h ©£j& k# o wtytmmt&fL *> 
rife. 

[0 0 9 5] 
»7] 



f|7 l#&O340nii tcfett&ijfcfeg^b 

Jiy-f;U-CoAt K93» — tf*!$s!jn 0.045 
ORF3**:ty-<;p-CoAfc: Kv*— £ 0.047 
(s)-fict^Mran: y -r ;u-coA t k v 5 — o. 146 



[0 0 9 6] iS)i/-fJ|/-CoAtF oAhF*7^-t;$3-FlT^u<!:^7fc. 

iftt (R) -MS65T^5^i^f.*i:&7 [0 0 9 7] 

ft. tEoT. ORF3W (R) -##g«jxy C [fgBJ«^] ^fgHJJcj; o . #>JI7f*Id*IHI 
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co-3HH) *»*J:<dJ«RlttT**jftT*fliT**. 

ATG AGC CAA CCA TCT TAT GGC CCG CTG 
Met Ser Gin Pro Ser Tyr Gly Pro Leu 

1 5 
AAT GAC AAG CTG CTG GCC ATG GCC AAG 
Asn Asp Lys Leu Leu Ala Met Ala Lys 
20 25 
CAG GCG CTG CTG CAG ACC AAT CTG GAC 
Gin Ala Leu Leu Gin Thr Asn Leu Asp 

35 40 
CAG GGC AGC CAG CAA CCC TGG CAG CTG 
Gin Gly Ser Gin Gin Pro Trp Gin Leu 

50 55 
TGG CAG GAT CAG CTC AAG CTG ATG CAG 
Trp Gin Asp Gin Leu Lys Leu Met Gin 

65 70 
GGC CAG CCG AGC GAG CCG GTG ATC ACC 
Gly Gin Pro Ser Glu Pro Val He Thr 
85 

TTC AAG GCC GAG GCC TGG AGC GAA CAA 
Phe Lys Ala Glu Ala Trp Ser Glu Gin 
100 105 
CAG TCC TAC CTG CTC ACC GCC AGG CAC 
Gin Ser Tyr Leu Leu Thr Ala Arg His 

115 120 
CTG GAG GGC GTC CCC CAG AAG AGC CGG 
Leu Glu Gly Val Pro Gin Lys Ser Arg 

130 135 
CGC CAG TAC GTC AAC GCC ATG GCC CCC 
Arg Gin Tyr Val Asn Ala Met Ala Pro 
145 150 
CCC GAG CTG CTC AAG CTG ACC CTG GAG 
Pro Glu Leu Leu Lys Leu Thr Leu Glu 
165 

CGC GGA CTG GCC CTC TTG GCC GAG GAT 
Arg Gly Leu Ala Leu Leu Ala Glu Asp 
180 185 
CTC AAC ATC CGC CTG ACC GAC GAA TCC 
Leu Asn lie Arg Leu Thr Asp Glu Ser 

195 200 
CTG GCC CTG ACC CCG GGC CGG GTG GTG 
Leu Ala Leu Thr Pro Gly Arg Val Val 



[0 0 9 8] 

E3*j## : 1 
Sa^JCDS^ : 1 7 8 5 

^M<DmW. : genomic DNA 



TTC GAG 
Phe Glu 
10 

GCC CAG 
Ala Gin 

GAT CTG 
Asp Leu 

ATC CAG 
He Gin 

CAC ACC 
His Thr 
75 

CCG GAG 
Pro Glu 
90 
CCC ATC 
Pro He 

CTG CTG 
Leu Leu 

GAG CGG 
Glu Arg 

AGC AAC 
Ser Asn 
155 
TCC GAC 
Ser Asp 
170 

CTG GAG 
Leu Glu 

GCC TTC 
Ala Phe 

CAG CGC 
Gin Arg 



GCC CTG 
Ala Leu 

ACA GAG 
Thr Glu 

GGC CAG 
Gly Gin 
45 

GCC CAG 
Ala Gin 

60 
CTG CTC 
Leu Leu 

CGC AGC 
Arg Ser 

TAT GAC 
Tyr Asp 

GCC TCG 
Ala Ser 
125 
CTG CGT 
Leu Arg 
140 

TTC CTG 
Phe Leu 

GGC CAG 
Gly Gin 

CGC AGC 
Arg Ser 

GAG CTC 
Glu Leu 
205 
ACC GAG 
Thr Glu 



GCC CAC TAC 
Ala His Tyr 
15 

CGC ACC GCC 
Arg Thr Ala 
30 

GTG CTG GAG 
Val Leu Glu 

ATG AAC TGG 
Met Asn Trp 

AAA AGC GCA 
Lys Ser Ala 
80 

GAT CGC CGC 
Asp Arg Arg 
95 

TAC CTC AAG 
Tyr Leu Lys 
110 

GTG GAT GCC 
Val Asp Ala 

TTC TTC ACC 
Phe Phe Thr 

GCC ACC AAC 
Ala Thr Asn 
160 

AAC CTG GTG 
Asn Leu Val 
175 

GCC GAT CAG 
Ala Asp Gin 
190 

GGG CGG GAT 
Gly Arg Asp 

CTC TAT GAG 
Leu Tyr Glu 



48 



96 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 



672 
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210 215 220 

CTC ATT CAG TAC AGC CCG ACT ACC GAG ACG GTG GGC AAG ACA CCT GTG 720 

Leu He Gin Tyr Ser Pro Thr Thr Glu Thr Val Gly Lys Thr Pro Val 
225 230 235 240 

CTG ATA GTG CCG CCC TTC ATC AAC AAG TAC TAC ATC ATG GAC ATG CGG 768 

Leu He Val Pro Pro Phe He Asn Lys Tyr Tyr He Met Asp Met Arg 

245 250 255 

CCC CAG AAC TCC CTG GTC GCC TGG CTG GTC GCC CAG GGC CAG ACG GTA 816 

Pro Gin Asn Ser Leu Val Ala Trp Leu Val Ala Gin Gly Gin Thr Val 

260 265 270 

TTC ATG ATC TCC TGG CGC AAC CCG GGC GTG GCC CAG GCC CAA ATC GAT 864 

Phe Met He Ser Trp Arg Asn Pro Gly Val Ala Gin Ala Gin He Asp 

275 280 285 

CTC GAC GAC TAC GTG GTG GAT GGC GTC ATC GCC GCC CTG GAC GGC GTG 912 

Leu Asp Asp Tyr Val Val Asp Gly Val He Ala Ala Leu Asp Gly Val 

290 ■ 295 300 

GAG GCG GCC ACC GGC GAG CGG GAG GTG CAC GGC ATC GGC TAC TGC ATC 960 

Glu Ala Ala Thr Gly Glu Arg Glu Val His Gly He Gly Tyr Cys He 
305 310 315 320 

GGC GGC ACC GCC CTG TCG CTC GCC ATG GGC TGG CTG GCG GCG CGG CGC 1008 

Gly Gly Thr Ala Leu Ser Leu Ala Met Gly Trp Leu Ala Ala Arg Arg 

325 330 335 

CAG AAG CAG CGG GTG CGC ACC GCC ACC CTG TTC ACT ACC CTG CTG GAC 1056 

Gin Lys Gin Arg Val Arg Thr Ala Thr Leu Phe Thr Thr Leu Leu Asp 

340 345 350 

TTC TCC CAG CCC GGG GAG CTT GGC ATC TTC ATC CAC GAG CCC ATC ATA 1104 

Phe Ser Gin Pro Gly Glu Leu Gly He Phe He His Glu Pro He He 

355 360 365 

GCG GCG CTC GAG GCG CAA AAT GAG GCC AAG GGC ATC ATG GAC GGG CGC 1152 

Ala Ala Leu Glu Ala Gin Asn Glu Ala Lys Gly He Met Asp Gly Arg 

370 375 380 

CAG CTG GCG GTC TCC TTC AGC CTG CTG CGG GAG AAC AGC CTC TAC TGG 1200 

Gin Leu Ala Val Ser Phe Ser Leu Leu Arg Glu Asn Ser Leu Tyr Trp 
385 390 395 400 

AAC TAC TAC ATC GAC AGC TAC CTC AAG GGT CAG AGC CCG GTG GCC TTC 1248 

Asn Tyr Tyr He Asp Ser Tyr Leu Lys Gly Gin Ser Pro Val Ala Phe 

405 410 415 

GAT CTG CTG CAC TGG AAC AGC GAC AGC ACC AAT GTG GCG GGC AAG ACC 1296 

Asp Leu Leu His Trp Asn Ser Asp Ser Thr Asn Val Ala Gly Lys Thr 

420 425 430 

CAC AAC AGC CTG CTG CGC CGT CTC TAC CTG GAG AAC CAG CTG GTG AAG 1344 

His Asn Ser Leu Leu Arg Arg Leu Tyr Leu Glu Asn Gin Leu Val Lys 

435 440 445 

GGG GAG CTC AAG ATC CGC AAC ACC CGC ATC GAT CTC GGC AAG GTG AAG 1392 

Gly Glu Leu Lys He Arg Asn Thr Arg He Asp Leu Gly Lys Val Lys 

450 455 460 

ACC CCT GTG CTG CTG GTG TCG GCG GTG GAC GAT CAC ATC GCC CTC TGG 1440 

Thr Pro Val Leu Leu Val Ser Ala Val Asp Asp His He Ala Leu Trp 
465 470 475 480 

CAG GGC ACC TGG CAG GGC ATG AAG CTG TTT GGC GGG GAG CAG CGC TTC 1488 
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Gin Gly Thr Trp 

CTC CTG GCG GAG 
Leu Leu Ala Glu 
500 

GCC AAC AAG TAC 
Ala Asn Lys Tyr 
515 

GAG AGC TGG CTG 
Glu Ser Trp Leu 
530 

GAG ATG ATG GGC 
Glu Met Met Gly 
545 

CCC GCG CGG GTC 
Pro Ala Arg Val 

GTC AAG GTG CGG 
Val Lys Val Arg 
580 

GCC GCA TGA 
Ala Ala 
[0 0 9 9] E*l#*f: 2 
E^KDfiS : 5 9 4 

nm : 

Met Ser Gin Pro 
1 

Asn Asp Lys Leu 
20 

Gin Ala Leu Leu 

35 

Gin Gly Ser Gin 
50 

Trp Gin Asp Gin 
65 

Gly Gin Pro Ser 

Phe Lys Ala Glu 
100 

Gin Ser Tyr Leu 
115 

Leu Glu Gly Val 
130 

Arg Gin Tyr Val 
145 

Pro Glu Leu Leu 

Arg Gly Leu Ala 
180 



Gin Gly Met Lys Leu Phe Gly Gly Glu Gin Arg Phe 

485 490 495 

TCC GGC CAC ATC GCC GGC ATC ATC AAC CCG CCG GCC 1536 

Ser Gly His He Ala Gly He He Asn Pro Pro Ala 

505 510 

GGC TTC TGG CAC AAC GGG GCC GAG GCC GAG AGC CCG 1584 

Gly Phe Trp His Asn Gly Ala Glu Ala Glu Ser Pro 

520 525 

GCA GGG GCG ACG CAC CAG GGC GGC TCC TGG TGG CCC 1632 

Ala Gly Ala Thr His Gin Gly Gly Ser Trp Trp Pro 

535 540 

TTT ATC CAG AAC CGT GAC GAA GGG TCA GAG CCC GTC 1680 

Phe He Gin Asn Arg Asp Glu Gly Ser Glu Pro Val 

550 555 560 

CCG GAG GAA GGG CTG GCC CCC GCC CCC GGC CAC TAT 1728 

Pro Glu Glu Gly Leu Ala Pro Ala Pro Gly His Tyr 
565 570 575 

CTC AAC CCC GTG TTT GCC TGC CCA ACA GAG GAG GAC 1776 

Leu Asn Pro Val Phe Ala Cys Pro Thr Glu Glu Asp 

585 590 

1785 



Ser Tyr Gly Pro Leu Phe 
5 10 
Leu Ala Met Ala Lys Ala 
25 

Gin Thr Asn Leu Asp Asp 
40 

Gin Pro Trp Gin Leu He 

55 

Leu Lys Leu Met Gin His 
70 

Glu Pro Val He Thr Pro 
85 90 
Ala Trp Ser Glu Gin Pro 
105 

Leu Thr Ala Arg His Leu 
120 

Pro Gin Lys Ser Arg Glu 
135 

Asn Ala Met Ala Pro Ser 
150 

Lys Leu Thr Leu Glu Ser 
165 170 
Leu Leu Ala Glu Asp Leu 
185 



Glu Ala Leu Ala His Tyr 
15 

Gin Thr Glu Arg Thr Ala 
30 

Leu Gly Gin Val Leu Glu 
45 

Gin Ala Gin Met Asn Trp 
60 

Thr Leu Leu Lys Ser Ala 
75 80 
Glu Arg Ser Asp Arg Arg 
95 

He Tyr Asp Tyr Leu Lys 
110 

Leu Ala Ser Val Asp Ala 
125 

Arg Leu Arg Phe Phe Thr 
140 

Asn Phe Leu Ala Thr Asn 
155 160 
Asp Gly Gin Asn Leu Val 
175 

Glu Arg Ser Ala Asp Gin 
190 



> 



*1 
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Leu Asn He Arg Leu Thr Asp Glu Ser Ala Phe Glu Leu Gly Arg Asp 

195 200 205 

Leu Ala Leu Thr Pro Gly Arg Val Val Gin Arg Thr Glu Leu Tyr Glu 

210 21.5 220 

Leu He Gin Tyr Ser Pro Thr Thr Glu Thr Val Gly Lys Thr Pro Val 
225 230 235 240 

Leu He Val Pro Pro Phe He Asn Lys Tyr Tyr He Met Asp Met Arg 

245 250 255 

Pro Gin Asn Ser Leu Val Ala Trp Leu Val Ala Gin Gly Gin Thr Val 

260 265 270 

Phe Met He Ser Trp Arg Asn Pro Gly Val Ala Gin Ala Gin He Asp 

275 280 285 

Leu Asp Asp Tyr Val Val Asp Gly Val He Ala Ala Leu Asp Gly Val 

290 295 300 

Glu Ala Ala Thr Gly Glu Arg Glu Val His Gly He Gly Tyr Cys He 
305 310 315 320 

Gly Gly Thr Ala Leu Ser Leu Ala Met Gly Trp Leu Ala Ala Arg Arg 

325 330 335 

Gin Lys Gin Arg Val Arg Thr Ala Thr Leu Phe Thr Thr Leu Leu Asp 

340 345 350 

Phe Ser Gin Pro Gly Glu Leu Gly He Phe He His Glu Pro He He 

355 360 365 

Ala Ala Leu Glu Ala Gin Asn Glu Ala Lys Gly He Met Asp Gly Arg 

370 375 380 

Gin Leu Ala Val Ser Phe Ser Leu Leu Arg Glu Asn Ser Leu Tyr Trp 
385 390 395 400 

Asn Tyr Tyr He Asp Ser Tyr Leu Lys Gly Gin Ser Pro Val Ala Phe 

405 410 415 

Asp Leu Leu His Trp Asn Ser Asp Ser Thr Asn Val Ala Gly Lys Thr 

420 425 430 

His Asn Ser Leu Leu Arg Arg Leu Tyr Leu Glu Asn Gin Leu Val Lys 

435 440 445 

Gly Glu Leu Lys He Arg Asn Thr Arg He Asp Leu Gly Lys Val Lys 

450 455 460 

Thr Pro Val Leu Leu Val Ser Ala Val Asp Asp His He Ala Leu Trp 
465 470 475 480 

Gin Gly Thr Trp Gin Gly Met Lys Leu Phe Gly Gly Glu Gin Arg Phe 

485 490 495 

Leu Leu Ala Glu Ser Gly His He Ala Gly He He Asn Pro Pro Ala 

500 505 510 

Ala Asn Lys Tyr Gly Phe Trp His Asn Gly Ala Glu Ala Glu Ser Pro 

515 520 525 

Glu Ser Trp Leu Ala Gly Ala Thr His Gin Gly Gly Ser Trp Trp Pro 

530 535 540 

Glu Met Met Gly Phe He Gin Asn Arg Asp Glu Gly Ser Glu Pro Val 
545 550 555 560 

Pro Ala Arg Val Pro Glu Glu Gly Leu Ala Pro Ala Pro Gly His Tyr 

565 570 575 

Val Lys Val Arg Leu Asn Pro Val Phe Ala Cys Pro Thr Glu Glu Asp 
580 585 590 



J* 



(15) 
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Ala Ala 
[0 10 0] E?WMt : 3 
BB?iJCDfi£ : 3 5 4 

mwom : mm 

mm : 

ATG ATG AAT ATG GAC GTG 
Met Met Asn Met Asp Val 

1 5 
TTC GCC GCC CCC CTC ACC 
Ph e Ala Ala 
Gin Leu Leu 



btfuzs- : mm** 

ga?tJ<Z>«3S : genomic DNA 

ATC AAG AGC TTT ACC GAG CAG ATG CAA GGC 48 
lie Lys Ser Phe Thr Glu Gin Met Gin Gly 

10 15 
CGC TAC AAC CAG CTG CTG GCC AGC AAC ATC 9 6 
Pro Leu Thr Arg Ty r Asn 
Ala Ser Asn lie 

2 0 2 5 











3 0 








GAA 


CAG 


CTG 


ACC 


CGG 


TTG 


CAG 


CTG GCC 


TCC 


GCC 


AAC 


GCC 


TAC 


GCC 


GAA 


14 4 


G 1 u 


G 1 n 


Leu 


Thr 


Arg 


Leu 


G 1 n 


Leu Ala 


Ser 


A 1 a 


Asn 


A 1 a 


Ty r 


A 1 a 


G 1 u 








3 5 










4 0 








4 5 










CTG 


GGC 


CTC 


AAC 


CAG 


TTG 


CAG 


GCC GTG 


AGC 


AAG 


GTG 


CAG 


GAC 


ACC 


CAG 


19 2 


Leu 


G 1 y 


Leu 


Asn 


G 1 n 


Leu 


G 1 n 


Ala Val 


Ser 


Lys 


Va 1 


G 1 n 


Asp 


Th r 


G 1 n 






5 0 










5 5 








6 0 












AGC 


CTG 


GCG 


GCC 


CTG 


GGC 


ACA 


GTG CAA 


CTG 


GAG 


ACC 


GCC 


AGC 


CAG 


CTC 


2 4 0 


Ser 


Leu 


A 1 a 


A 1 a 


Leu 


G 1 y 


Th r 


Val Gin 


Leu 


G 1 u 


Th r 


A 1 a 


Ser 


G 1 n 


Leu 




6 5 










7 0 








7 5 










8 0 




TCC 


CGC 


CAG 


ATG 


CTG 


GAT 


GAC 


ATC CAG 


AAG 


CTG 


AGC 


GCC 


CTC 


GGC 


CAG 


2 8 8 


Ser 


Arg 


G 1 n 


Me t 


Leu 


Asp 


Asp 


lie Gin 


Lys 


Leu 


Ser 


A 1 a 


Leu 


G 1 y 


G 1 n 












8 5 








9 0 










9 5 






CAG 


TTC 


AAG 


GAA 


GAG 


CTG 


GAT 


GTC CTG 


ACC 


GCA 


GAC 


GGC 


ATC 


AAG 


AAA 


3 3 6 


G 1 n 


Phe 


Lys 


G 1 u 


G 1 u 


Leu 


Asp 


Val Leu 


Th r 


A 1 a 


Asp 


G 1 y 


I 1 e 


Lys 


Lys 










1 0 0 








1 0 5 










1 1 0 








AGC 


AC G 


GGC 


AAG 


GCC 


TGA 




















3 5 4 


Ser 


Th r 


G 1 y 


Lys 


A 1 a 









115 



[oioi] umm^ 

BEm>g£ : 1 1 7 




BB*J : 

Me t Me t 
Phe Th r 
1 

1 0 

Phe Ala 
Gin Leu 



Glu Gin 
S e r Ala 



Leu G 1 y 
S e r L y s 
5 0 

S e r Leu 
Leu Glu 
6 5 

7 5 

S e r Arg 
L y s Leu 

9 0 

Gin Phe 
Th r Ala 



S e r Th r 

[0 10 2] BH^iJS^ : 5 
ga^J<^S$ : 4 0 5 

K*l : 

ATG AGC 
CAG A AG 
Met S e r 
Gin L y s 
1 

1 0 

CGG TTC 
TTC GCC 
Arg Phe 
Phe Ala 



TTC AAC 
TTC GCC 
Phe A s n 
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Asn Met Asp Val lie Lys Ser 
Glu Gin Met Gin Gly 
5 

1 5 

Ala Pro Leu Thr Arg Ty r Asn 
Leu Ala Ser Asn lie 

2 0 2 5 

3 0 

LeuThr Arg Leu Gin Leu Ala 
Asn Ala Tyr Ala Glu 

3 5 4 0 

4 5 

Leu Asn Gin Leu Gin Ala Val 
Val Gin Asp Thr Gin 

5 5 

6 0 

Ala Ala Leu Gly Thr Val Gin 
Th r Ala Ser Gin Leu 

7 0 

8 0 

Gin Met Leu Asp Asp lie Gin 
Ser Ala Leu Gly Gin 
8 5 

9 5 

Lys Glu Glu Leu Asp Val Leu 
Asp Gly lie Lys Lys 

10 0 10 5 

1 1 0 

Gly Lys Ala 
115 



SB^iJoa^ : genomic DNA 



GCA 


CAA 


TCC 


CTG 


GAA 


GTA 


GGC 


GCC 


CGT 


CTC 


AGC 


A AG 




4 8 


A 1 a 


G 1 n 


Ser 


Leu 


G 1 u 


Va 1 


G 1 y 


A 1 a 


Arg 


Leu 
5 


Ser 


Lys 












1 5 








GGG 


GCG 


GCG 


GAG 


GTA 


GCC 


GCC 


GCG 


CTC 


TCG 


GAG 


G AC 




9 6 


G 1 y 


A 1 a 


A 1 a 


G 1 u 


Va 1 


A 1 a 


A 1 a 


A 1 a 


Leu 


Ser 


G 1 u 


Asp 








2 0 










2 5 






3 0 










CCC 


CTG 


CAC 


CTG 


G AC 


CCG 


GCC 


GCC 


ACC 


AC G 


GCG 


TTC 




1 4 4 


Pro 


Leu 


H i s 


Leu 


Asp 


Pro 


A 1 a 
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[0103] 

mmwmz : 134 



Ph e 


A 1 a 


A 1 a 


Th r 


Th r 


A 1 a 


Ph e 










3 5 










4 0 










4 5 












GAG 


CGG 


CCC 


ATA 


GTC 


CAC 


GGC 


ATG 


CTG 


CTC 


GCC 


AGC 


CTC 


TTC 


TCC 


GGG 




1 9 2 


G 1 u 


A r g 


Pro 


I 1 e 


Va 1 


H i s 


G 1 y 


Me t 


Leu 


Leu 


A 1 a 


S e r 


Leu 


Ph e 


S e r 


G 1 y 








5 0 










5 5 










6 0 














CTG 


CTG 


GGC 


CAG 


CAG 


TTG 


CCG 


GGC 


AAG 


GGG 


AGC 


AT C 


TAT 


CTG 


GGT 


CAA 




2 4 0 


Leu 


Leu 


G 1 y 


G 1 n 


G 1 n 


Leu 


Pro 


G 1 y 


L y s 


G 1 y 


S e r 


I 1 e 


Ty r 


Leu 


G 1 y 


G 1 n 






6 5 










7 0 










7 5 










8 0 






AG C 


CTC 


AGC 


TTC 


AAG 


CTG 


CCG 


GTC 


TTT 


GTC 


GGG 


G AC 


GAG 


GTG 


ACG 


GCC 




2 8 8 


S e r 


Leu 


S e r 


P h e 


L y s 


Leu 


Pro 


Va 1 


Phe 


Va 1 


G 1 y 


Asp 


G 1 u 


Va 1 


Th r 


A 1 a 














8 5 










9 0 










9 5 








GAG 


GTG 


GAG 


GTG 


ACC 


GCC 


CTT 


CGC 


GAG 


G AC 


AAG 


CCC 


AT C 


GCC 


ACC 


CTG 




3 3 6 


G 1 u 


Va 1 


G 1 u 


V a 1 


Th r 


A 1 a 


Leu 


A r g 


G 1 u 


Asp 


L y s 


Pro 


I 1 e 


A 1 a 


Th r 


Leu 












10 0 










10 5 










1 1 0 










ACC 


ACC 


CGC 


ATC 


TTC 


ACC 


CAA 


GGC 


GGC 


GCC 


CTC 


GCC 


GTG 


AC G 


GGG 


GAA 




3 8 4 


Th r 


Th r 


A r g 


I 1 e 


Ph e 


Th r 


G 1 n 


G 1 y 


G 1 y 


A 1 a 


Leu 


A 1 a 


Va 1 


Th r 


G 1 y 


G 1 u 










115 










1 2 0 










12 5 












GCC 


GTG 


GTC 


AAG 


CTG 


CCT 


T A A 






















4 0 5 


A 1 a 


Va 1 


Va 1 


L y s 


Leu 


Pro 










1 3 0 
















^: 6 










: mmw 




















%m : 


















Me t 


S e r 


A I a 


G 1 n 


S e r 


Leu 


G 1 u 


Va 1 


G 1 y 


G 1 n 


L y s 


A 1 a 


A r g 


Leu 


S e r 


L y s 






1 








5 










1 0 










1 5 








A r g 


Ph e 


G 1 y 


A 1 a 


A 1 a 


G 1 u 


V a 1 


A 1 a 


A 1 a 


P h e 


A 1 a 


A 1 a 


Leu 


S e r 


G 1 u 


Asp 












2 0 










2 5 










3 0 










Ph e 


A s n 


Pro 


Leu 


H i s 


Leu 


Asp 


Pro 


A 1 a 
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P h e Ala Ala 
3 5 



G 1 u 
Leu 



Leu 
G 1 y 
6 5 

S e r 
Va 1 

9 0 
G 1 u 
Asp 



Th r 
A 1 a 



A 
A 



r g Pro 
la S e r 
5 0 

6 0 

e u G 1 y 



e r 



I 1 e 



7 5 

Leu S e r 
G 1 y Asp 



Thr Thr Ala Phe 

4 0 

4 5 

lie Val His Gly Met Leu 
LeuPheSerGly 

5 5 



Gin Gin Leu Pro Gly Lys 
Tyr Leu Gly Gin 
7 0 

8 0 

Phe Lys Leu Pro Val Phe 
Glu Val Thr Ala 



[0 10 4] 



[0 10 5] 



[0 10 6] 



Ala V 

1 

ffiPm^ : 7 
2 7 



a 1 Glu 
y s Pro 



h r A r g 
e u Ala 
115 

a 1 Val 
3 0 



1 0 0 



SE3*J : 
CCSCCSTGGA 

rnvm^ : 8 

2 7 



TCAAYAAGTW YTAYATC 



SAGCCASGCS GTCCARTCSG GCCACCA 
B2^J#^ : 9 
3 18 7 



genomic DNA 
IB^iJ : 

AGATCTGGAC CGGGGTGCTG 

GCAGCAGGGC GAGAGGTTTC 

CAGCGCGGCG CCGGTGCGGC 

CGCCTCCCTC GACGGGCGTC 

TTTACACCAA ACCGCATTTG 

ACACGTAAAC AGGGATGACA 

CTGTTCTGCC GAACTGGAGA 



8 5 



9 5 



Val Thr Ala Leu Arg Glu 
lie Ala Thr Leu 



1 0 5 



110 

lie Phe Thr Gin Gly Gly 
Val Thr Gly Glu 



12 0 



12 5 

Lys Leu Pro 



w&\(Dwm : {&<Dmm (mdna) 

27 

wi&KDmm : m<Dm& (^dna) 



27 



W$k*^?t^ : CDS 
??3E&g : 384. . 734 
W&tt&tt^ : CDS 
#ftffiB : 830.. 261 1' 



GCCTGGGCCA CGCCGGCGAG GGCCAGCGCG GAGCAACCGA 
ATCGGGATTC CTTGGCAGTC TGAATGACGT GCCAGCCTAT 
GAGGGCGCGC CGGACCCAGT GCGTCACCTC TCGTCTGATC 
GCTGACAAAA AAATTCAAAC AGAAATTAAC ATTTATGTCA 
GTTGCAGAAT GCTCAAACGT GTGTTTGAAC AGAGCAAGCA 
TGCAGTACCC GTAAGAAGGG CCGATTGGCC CACAACAACA 
CCG ATG ATG AAT ATG GAC GTG ATC AAG AGC 
Met Met Asn Met Asp Val Me Lys Ser 



60 
120 
180 
240 
300 
360 
410 
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1 5 

TTT ACC GAG CAG ATG CAA GGC TTC GCC GCC CCC CTC ACC CGC TAC AAC 458 

Phe Thr Glu Gin Met Gin Gly Phe Ala Ala Pro Leu Thr Arg Tyr Asn 

10 15 20 25 

CAG CTG CTG GCC AGC AAC ATC GAA CAG CTG ACC CGG TTG CAG CTG GCC 506 

Gin Leu Leu Ala Ser Asn He Glu Gin Leu Thr Arg Leu Gin Leu Ala 

30 35 40 

TCC GCC AAC GCC TAC GCC GAA CTG GGC CTC AAC CAG TTG CAG GCC GTG 554 

Ser Ala Asn Ala Tyr Ala Glu Leu Gly Leu Asn Gin Leu Gin Ala Val 

45 50 55 

AGC AAG GTG CAG GAC ACC CAG AGC CTG GCG GCC CTG GGC ACA GTG CAA 602 

Ser Lys Val Gin Asp Thr Gin Ser Leu Ala Ala Leu Gly Thr Va! Gin 

60 65 70 

CTG GAG ACC GCC AGC CAG CTC TCC CGC CAG ATG CTG GAT GAC ATC CAG 650 

Leu Glu Thr Ala Ser Gin Leu Ser Arg Gin Met Leu Asp Asp He Gin 

75 80 85 

AAG CTG AGC GCC CTC GGC CAG CAG TTC AAG GAA GAG CTG GAT GTC CTG 698 

Lys Leu Ser Ala Leu Gly Gin Gin Phe Lys Glu Glu Leu Asp Val Leu 

90 95 100 105 

ACC GCA GAC GGC ATC AAG AAA AGC ACG GGC AAG GCC TGATAACCCC 744 
Thr Ala Asp Gly lie Lys Lys Ser Thr Gly Lys Ala 

110 115 
TGGCTGCCCG TTCGGGCAGC CACATCTCCC CATGACTCGA CGCTACGGGC TAGTTCCCGC 804 

CTCGGGTGTG GGTGAAGGAG AGCAC ATG AGC CAA CCA TCT TAT GGC CCG CTG 856 

Met Ser Gin Pro Ser Tyr Gly Pro Leu 
1 5 

TTC GAG GCC CTG GCC CAC TAC AAT GAC AAG CTG CTG GCC ATG GCC AAG 904 

Phe Glu Ala Leu Ala His Tyr Asn Asp Lys Leu Leu Ala Met Ala Lys 

10 15 20 25 

GCC CAG ACA GAG CGC ACC GCC CAG GCG CTG CTG CAG ACC AAT CTG GAC 952 

Ala Gin Thr Glu Arg Thr Ala Gin Ala Leu Leu Gin Thr Asn Leu Asp 

30 35 40 

GAT CTG GGC CAG GTG CTG GAG CAG GGC AGC CAG CAA CCC TGG CAG CTG 1000 

Asp Leu Gly Gin Val Leu Glu Gin Gly Ser Gin Gin Pro Trp Gin Leu 

45 50 55 

ATC CAG GCC CAG ATG AAC TGG TGG CAG GAT CAG CTC AAG CTG ATG CAG 1048 

lie Gin Ala Gin Met Asn Trp Trp Gin Asp Gin Leu Lys Leu Met Gin 

60 65 70 

CAC ACC CTG CTC AAA AGC GCA GGC CAG CCG AGC GAG CCG GTG ATC ACC 1096 

His Thr Leu Leu Lys Ser Ala Gly Gin Pro Ser Glu Pro Val He Thr 

75 80 85 

CCG GAG CGC AGC GAT CGC CGC TTC AAG GCC GAG GCC TGG AGC GAA CAA 1144 

Pro Glu Arg Ser Asp Arg Arg Phe Lys Ala Glu Ala Trp Ser Glu Gin 

90 95 100 105 

CCC ATC TAT GAC TAC CTC AAG CAG TCC TAC CTG CTC ACC GCC AGG CAC 1192 

Pro He Tyr Asp Tyr Leu Lys Gin Ser Tyr Leu Leu Thr Ala Arg His 

110 115 120 

CTG CTG GCC TCG GTG GAT GCC CTG GAG GGC GTC CCC CAG AAG AGC CGG 1240 

Leu Leu Ala Ser Val Asp Ala Leu Glu Gly Val Pro Gin Lys Ser Arg 

125 130 135 
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GAG CGG CTG CGT TTC TTC ACC CGC CAG TAC GTC AAC GCC ATG GCC CCC 1288 
Glu Arg Leu Arg Phe Phe Thr Arg Gin Tyr Val Asn Ala Met Ala Pro 

140 145 150 

AGC AAC TTC CTG GCC ACC AAC CCC GAG CTG CTC AAG CTG ACC CTG GAG 1336 
Ser Asn Phe Leu Ala Thr Asn Pro Glu Leu Leu Lys Leu Thr Leu Glu 

155 160 165 

TCC GAC GGC CAG AAC CTG GTG CGC GGA CTG GCC CTC TTG GCC GAG GAT 1384 
Ser Asp Gly Gin Asn Leu Val Arg Gly Leu Ala Leu Leu Ala Glu Asp 
170 175 180 185 

CTG GAG CGC AGC GCC GAT CAG CTC AAC ATC CGC CTG ACC GAC GAA TCC 1432 
Leu Glu Arg Ser Ala Asp Gin Leu Asn He Arg Leu Thr Asp Glu Ser 

190 195 200 

GCC TTC GAG CTC GGG CGG GAT CTG GCC CTG ACC CCG GGC CGG GTG GTG 1480 
Ala Phe Glu Leu Gly Arg Asp Leu Ala Leu Thr Pro Gly Arg Val Val 

205 210 215 

CAG CGC ACC GAG CTC TAT GAG CTC ATT CAG TAC AGC CCG ACT ACC GAG 1528 
Gin Arg Thr Glu Leu Tyr Glu Leu He Gin Tyr Ser Pro Thr Thr Glu 

220 225 230 

ACG GTG GGC AAG ACA CCT GTG CTG ATA GTG CCG CCC TTC ATC AAC AAG 1576 
Thr Val Gly Lys Thr Pro Val Leu He Val Pro Pro Phe He Asn Lys 

235 240 245 

TAC TAC ATC ATG GAC ATG CGG CCC CAG AAC TCC CTG GTC GCC TGG CTG 1624 
Tyr Tyr He Met Asp Met Arg Pro Gin Asn Ser Leu Val Ala Trp Leu 
250 255 260 265 

GTC GCC CAG GGC CAG ACG GTA TTC ATG ATC TCC TGG CGC AAC CCG GGC 1672 
Val Ala Gin Gly Gin Thr Val Phe Met He Ser Trp Arg Asn Pro Gly 

270 275 280 

GTG GCC CAG GCC CAA ATC GAT CTC GAC GAC TAC GTG GTG GAT GGC GTC 1720 
Val Ala Gin Ala Gin He Asp Leu Asp Asp Tyr Val Val Asp Gly Val 

285 290 295 

ATC GCC GCC CTG GAC GGC GTG GAG GCG GCC ACC GGC GAG CGG GAG GTG 1768 
He Ala Ala Leu Asp Gly Val Glu Ala Ala Thr Gly Glu Arg Glu Val 

300 305 310 

CAC GGC ATC GGC TAC TGC ATC GGC GGC ACC GCC CTG TCG CTC GCC ATG 1816 
His Gly He Gly Tyr Cys He Gly Gly Thr Ala Leu Ser Leu Ala Met 

315 320 325 

GGC TGG CTG GCG GCG CGG CGC CAG AAG CAG CGG GTG CGC ACC GCC ACC 1864 
Gly Trp Leu Ala Ala Arg Arg Gin Lys Gin Arg Val Arg Thr Ala Thr 
330 335 340 345 

CTG TTC ACT ACC CTG CTG GAC TTC TCC CAG CCC GGG GAG CTT GGC ATC 1912 
Leu Phe Thr Thr Leu Leu Asp Phe Ser Gin Pro Gly Glu Leu Gly lie 

350 355 360 

TTC ATC CAC GAG CCC ATC ATA GCG GCG CTC GAG GCG CAA AAT GAG GCC 1960 
Phe He His Glu Pro He He Ala Ala Leu Glu Ala Gin Asn Glu Ala 

365 370 375 

AAG GGC ATC ATG GAC GGG CGC CAG CTG GCG GTC TCC TTC AGC CTG CTG 2008 
Lys Gly He Met Asp Gly Arg Gin Leu Ala Val Ser Phe Ser Leu Leu 

380 385 390 

CGG GAG AAC AGC CTC TAC TGG AAC TAC TAC ATC GAC AGC TAC CTC AAG 2056 
Arg Glu Asn Ser Leu Tyr Trp Asn Tyr Tyr He Asp Ser Tyr Leu Lys 
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395 400 405 

GGT CAG AGC CCG GTG GCC TTC GAT CTG CTG CAC TGG AAC AGC GAC AGC 2104 
. Gly Gin Ser Pro Val Ala Phe Asp Leu Leu His Trp Asn Ser Asp Ser 
410 415 420 425 

ACC AAT GTG GCG GGC AAG ACC CAC AAC AGC CTG CTG CGC CGT CTC TAC 2152 
Thr Asn Val Ala Gly Lys Thr His Asn Ser Leu Leu Arg Arg Leu Tyr 

430 435 440 

CTG GAG AAC CAG CTG GTG AAG GGG GAG CTC AAG ATC CGC AAC ACC CGC 2200 
Leu Glu Asn Gin Leu Val Lys Gly Glu Leu Lys He Arg Asn Thr Arg 

445 450 455 

ATC GAT CTC GGC AAG GTG AAG ACC CCT GTG CTG CTG GTG TCG GCG GTG 2248 
He Asp Leu Gly Lys Val Lys Thr Pro Val Leu Leu Val Ser Ala Val 

460 465 470 

GAC GAT CAC ATC GCC CTC TGG CAG GGC ACC TGG CAG GGC ATG AAG CTG 2296 
Asp Asp His lie Ala Leu Trp Gin Gly Thr Trp Gin Gly Met Lys Leu 

475 480 485 

TTT GGC GGG GAG CAG CGC TTC CTC CTG GCG GAG TCC GGC CAC ATC GCC 2344 
Phe Gly Gly Glu Gin Arg Phe Leu Leu Ala Glu Ser Gly His He Ala 
490 495 500 505 

GGC ATC ATC AAC CCG CCG GCC GCC AAC AAG TAC GGC TTC TGG CAC AAC 2392 
Gly He He Asn Pro Pro Ala Ala Asn Lys Tyr Gly Phe Trp His Asn 

510 515 520 

GGG GCC GAG GCC GAG AGC CCG GAG AGC TGG CTG GCA GGG GCG ACG CAC 2440 
Gly Ala Glu Ala Glu Ser Pro Glu Ser Trp Leu Ala Gly Ala Thr His 

525 530 535 

CAG GGC GGC TCC TGG TGG CCC GAG ATG ATG GGC TTT ATC CAG AAC CGT 2488 
Gin Gly Gly Ser Trp Trp Pro Glu Met Met Gly Phe lie Gin Asn Arg 

540 545 550 

GAC GAA GGG TCA GAG CCC GTC CCC GCG CGG GTC CCG GAG GAA GGG CTG 2536 
Asp Glu Gly Ser Glu Pro Val Pro Ala Arg Val Pro Glu Glu Gly Leu 

555 560 565 

GCC CCC GCC CCC GGC CAC TAT GTC AAG GTG CGG CTC AAC CCC GTG TTT 2584 
Ala Pro Ala Pro Gly His Tyr Val Lys Val Arg Leu Asn Pro Val Phe 
570 575 580 585 

GCC TGC CCA ACA GAG GAG GAC GCC GCA TGAGCGCACA ATCCCTGGAA 2631 
Ala Cys Pro Thr Glu Glu Asp Ala Ala 
590 

GTAGGCCAGA AGGCCCGTCT CAGCAAGCGG TTCGGGGCGG CGGAGGTAGC CGCCTTCGCC 2691 
GCGCTCTCGG AGGACTTCAA CCCCCTGCAC CTGGACCCGG CCTTCGCCGC CACCACGGCG 2751 
TTCGAGCGGC CCATAGTCCA CGGCATGCTG CTCGCCAGCC TCTTCTCCGG GCTGCTGGGC 2811 
CAGCAGTTGC CGGGCAAGGG GAGCATCTAT CTGGGTCAAA GCCTCAGCTT CAAGCTGCCG 2871 
GTCTTTGTCG GGGACGAGGT GACGGCCGAG GTGGAGGTGA CCGCCCTTCG CGAGGACAAG 2931 
CCCATCGCCA CCCTGACCAC CCGCATCTTC ACCCAAGGCG GCGCCCTCGC CGTGACGGGG 2991 
GAAGCCGTGG TCAAGCTGCC TTAAGCACCG GCGGCACGCA GGCACAATCA GCCCGGCCCC 3051 
TGCCGGGCTG ATTGTTCTCC CCCGCTCCGC TTGCCCCCTT TTTCGGGGCA ATTTGGCCCA 3111 
GGCCCTTTCC CTGCCCCGCC TAACTGCCTA AAATGGCCGC CCTGCCGTGT AGGCATTCAT 3171 
CCAGCTAGAG GAATTC 3187 
[0107] IB^iJS^- : 1 O m<D%t : 

IS?iJCDg£ : 3 1 8 7 hztfnS?— : it^tK 

ffiPKDm : mit tiZmcDmM : genomic DNA 
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mm<D^m ftft&m : 261 1. . 3012 

4#tfc£igTfe^ : CDS 

mm : 

AGATCTGGAC CGGGGTGCTG GCCTGGGCCA CGCCGGCGAG GGCCAGCGCG GAGCAACCGA 60 
GCAGCAGGGC GAGAGGTTTC ATCGGGATTC CTTGGCAGTC TGAATGACGT GCCAGCCTAT 120 
CAGCGCGGCG CCGGTGCGGC GAGGGCGCGC CGGACCCAGT GCGTCACCTC TCGTCTGATC 180 
CGCCTCCCTC GACGGGCGTC GCTGACAAAA AAATTCAAAC AGAAATTAAC ATTTATGTCA 240 
TTTACACCAA ACCGCATTTG GTTGCAGAAT GCTCAAACGT GTGTTTGAAC AGAGCAAGCA 300 
ACACGTAAAC AGGGATGACA TGCAGTACCC GTAAGAAGGG CCGATTGGCC CACAACAACA 360 
CTGTTCTGCC GAACTGGAGA CCGATGATGA ATATGGACGT GATCAAGAGC TTTACCGAGC 420 
AGATGCAAGG CTTCGCCGCC CCCCTCACCC GCTACAACCA GCTGCTGGCC AGCAACATCG 480 
AACAGCTGAC CCGGTTGCAG CTGGCCTCCG CCAACGCCTA CGCCGAACTG GGCCTCAACC 540 
AGTTGCAGGC CGTGAGCAAG GTGCAGGACA CCCAGAGCCT GGCGGCCCTG GGCACAGTGC 600 
AACTGGAGAC CGCCAGCCAG CTCTCCCGCC AGATGCTGGA TGACATCCAG AAGCTGAGCG 660 
CCCTCGGCCA GCAGTTCAAG GAAGAGCTGG ATGTCCTGAC CGCAGACGGC ATCAAGAAAA 720 
GCACGGGCAA GGCCTGATAA CCCCTGGCTG CCCGTTCGGG CAGCCACATC TCCCCATGAC 780 
TCGACGCTAC GGGCTAGTTC CCGCCTCGGG TGTGGGTGAA GGAGAGCACA TGAGCCAACC 840 
ATCTTATGGC CCGCTGTTCG AGGCCCTGGC CCACTACAAT GACAAGCTGC TGGCCATGGC 900 
CAAGGCCCAG ACAGAGCGCA CCGCCCAGGC GCTGCTGCAG ACCAATCTGG ACGATCTGGG 960 
CCAGGTGCTG GAGCAGGGCA GCCAGCAACC CTGGCAGCTG ATCCAGGCCC AGATGAACTG 1020 
GTGGCAGGAT CAGCTCAAGC TGATGCAGCA CACCCTGCTC AAAAGCGCAG GCCAGCCGAG 1080 
CGAGCCGGTG ATCACCCCGG AGCGCAGCGA TCGCCGCTTC AAGGCCGAGG CCTGGAGCGA 1140 
ACAACCCATC TATGACTACC TCAAGCAGTC CTACCTGCTC ACCGCCAGGC ACCTGCTGGC 1200 
CTCGGTGGAT GCCCTGGAGG GCGTCCCCCA GAAGAGCCGG GAGCGGCTGC GTTTCTTCAC 1260 
CCGCCAGTAC GTCAACGCCA TGGCCCCCAG CAACTTCCTG GCCACCAACC CCGAGCTGCT 1320 
CAAGCTGACC CTGGAGTCCG ACGGCCAGAA CCTGGTGCGC GGACTGGCCC TCTTGGCCGA 1380 
GGATCTGGAG CGCAGCGCCG ATCAGCTCAA CATCCGCCTG ACCGACGAAT CCGCCTTCGA 1440 
GCTCGGGCGG GATCTGGCCC TGACCCCGGG CCGGGTGGTG CAGCGCACCG AGCTCTATGA 1500 
GCTCATTCAG TACAGCCCGA CTACCGAGAC GGTGGGCAAG ACACCTGTGC TGATAGTGCC 1560 
GCCCTTCATC AACAAGTACT ACATCATGGA CATGCGGCCC CAGAACTCCC TGGTCGCCTG 1620 
GCTGGTCGCC CAGGGCCAGA CGGTATTCAT GATCTCCTGG CGCAACCCGG GCGTGGCCCA 1680 
GGCCCAAATC GATCTCGACG ACTACGTGGT GGATGGCGTC ATCGCCGCCC TGGACGGCGT 1740 
GGAGGCGGCC ACCGGCGAGC GGGAGGTGCA CGGCATCGGC TACTGCATCG GCGGCACCGC 1800 
CCTGTCGCTC GCCATGGGCT GGCTGGCGGC GCGGCGCCAG AAGCAGCGGG TGCGCACCGC I860 
CACCCTGTTC ACTACCCTGC TGGACTTCTC CCAGCCCGGG GAGCTTGGCA TCTTCATCCA 1920 
CGAGCCCATC ATAGCGGCGC TCGAGGCGCA AAATGAGGCC AAGGGCATCA TGGACGGGCG 1980 
CCAGCTGGCG GTCTCCTTCA GCCTGCTGCG GGAGAACAGC CTCTACTGGA ACTACTACAT 2040 
CGACAGCTAC CTCAAGGGTC AGAGCCCGGT GGCCTTCGAT CTGCTGCACT GGAACAGCGA 2100 
CAGCACCAAT GTGGCGGGCA AGACCCACAA CAGCCTGCTG CGCCGTCTCT ACCTGGAGAA 2160 
CCAGCTGGTG AAGGGGGAGC TCAAGATCCG CAACACCCGC ATCGATCTCG GCAAGGTGAA 2220 
GACCCCTGTG CTGCTGGTGT CGGCGGTGGA CGATCACATC GCCCTCTGGC AGGGCACCTG 2280 
GCAGGGCATG AAGCTGTTTG GCGGGGAGCA GCGCTTCCTC CTGGCGGAGT CCGGCCACAT 2340 
CGCCGGCATC ATCAACCCGC CGGCCGCCAA CAAGTACGGC TTCTGGCACA ACGGGGCCGA 2400 
GGCCGAGAGC CCGGAGAGCT GGCTGGCAGG GGCGACGCAC CAGGGCGGCT CCTGGTGGCC 2460 
CGAGATGATG GGCTTTATCC AGAACCGTGA CGAAGGGTCA GAGCCCGTCC CCGCGCGGGT 2520 
CCCGGAGGAA GGGCTGGCCC CCGCCCCCGG CCACTATGTC AAGGTGCGGC TCAACCCCGT 2580 
GTTTGCCTGC CCAACAGAGG AGGACGCCGC ATG AGC GCA CAA TCC CTG GAA GTA 2634 

Met Ser Ala Gin Ser Leu Glu Val 
1 5 

GGC CAG AAG GCC CGT CTC AGC AAG CGG TTC GGG GCG GCG GAG GTA GCC 2682 
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Gly Gin Lys Ala Arg Leu Ser Lys Arg Phe Gly Ala Ala Glu Val Ala 

10 15 20 

GCC TTC GCC GCG CTC TCG GAG GAC TTC AAC CCC CTG CAC CTG GAC CCG 2730 

Ala Phe Ala Ala Leu Ser Glu Asp Phe Asn Pro Leu His Leu Asp Pro 

25 30 35 40 

GCC TTC GCC GCC ACC ACG GCG TTC GAG CGG CCC ATA GTC CAC GGC ATG 2778 

Ala Phe Ala Ala Thr Thr Ala Phe Glu Arg Pro He Val His Gly Met 

45 50 55 

CTG CTC GCC AGC CTC TTC TCC GGG CTG CTG GGC CAG CAG TTG CCG GGC 2826 

Leu Leu Ala Ser Leu Phe Ser Gly Leu Leu Gly Gin Gin Leu Pro Gly 

60 65 70 

AAG GGG AGC ATC TAT CTG GGT CAA AGC CTC AGC TTC AAG CTG CCG GTC 2874 

Lys Gly Ser He Tyr Leu Gly Gin Ser Leu Ser Phe Lys Leu Pro Val 

75 80 85 

TTT GTC GGG GAC GAG GTG ACG GCC GAG GTG GAG GTG ACC GCC CTT CGC 2922 

Phe Val Gly Asp Glu Val Thr Ala Glu Val Glu Val Thr Ala Leu Arg 

90 95 100 

GAG GAC AAG CCC ATC GCC ACC CTG ACC ACC CGC ATC TTC ACC CAA GGC 2970 

Glu Asp Lys Pro He Ala Thr Leu Thr Thr Arg He Phe Thr Gin Gly 

105 110 115 120 

GGC GCC CTC GCC GTG ACG GGG GAA GCC GTG GTC AAG CTG CCT 3012 

Gly Ala Leu Ala Val Thr Gly Glu Ala Val Val Lys Leu Pro 

125 130 
TAAGCACCGG CGGCACGCAG GCACAATCAG CCCGGCCCCT GCCGGGCTGA TTGTTCTCCC 3072 
CCGCTCCGCT TGCCCCCTTT TTCGGGGCAA TTTGGCCCAG GCCCTTTCCC TGCCCCGCCT 3132 

AACTGCCTAA AATGGCCGCC CTGCCGTGTA GGCATTCATC CAGCTAGAGG AATTC 3187 



[0 10 8] E3WI: 1 1 
E^iJOft^ : 2 5 

mmnm : mm 



mmomm : mnwm (mdna) 



[0 10 9] 

mm<D&t£ : 



AGTTCCCGCC TCGGGTGTGG GTGAA 
1 2 



25 



2 5 



mmomm 



E5U : 

GGCATATGCG CTCATGCGGC GTCCT 

[oiio] mmmn : is 

B23&J<0fi£ : 3 0 

mmvm : tm 

mm : 

GCCATATGAG CGCACAATCC CTGGAAGTAG 
[0 111] E*J#^ : 1 4 
gS^JCDS^ : 3 0 

mmoim : mm 

mm : 

CTGGGATCCG CCGGTGCTTA AGGCAGCTTG 
[0 112] G7tj«# : 1 5 

mmoimz 2 0 
mm(DM :7$;& 

mm : 



25 



(^JSDNA) 



30 



mmcDmm 



mmnmrn 



mm** 

i&nmm (mdna) 



30 
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Ser Ala Gin Ser Leu Glu Val Gly Gin Lys Ala Arg Leu Ser Lys Arg 

15 10 15 

Phe Gly Ala Ala 
20 

[0 113] : 1 6 b#n>>- : iS^tt ' 

&M<Dm$ : 2 1 &P\<Dmm : K 

BH?"J : 

Met Ser Ala Gin Ser Leu Glu Val Gly Gin Lys Ala Arg Leu Ser Lys 

15 10 15 

Arg Phe Gly Ala Ala 
20 

[HSOffiJPftW?!] [02] SDS-3tfiJT*' J)17S. PtfMtSSfiMtott 

[01] 



(1) 




(2) 



e^i asm tgiu 

b-l— 1 
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[02] 





M 1 
■ 


94 kDa 


*— 


67 kDa 




43 kDa 




30 kDa 




21.1 kDa 




14.4 kDa 





(so int. ci. 6 mmm- fi 

//(C 1 2N 1/21 

C12R 1:05) 

(C 1 2 N 9/88 

C 1 2 R 1:05) 

(C 1 2 P 7/62 

C12R 1:05) 



